ABSTRACT:
quantified using the Nano-Glo assay (Promega Corp., N1110), which led us to name this system 114 LipoGlo.
115
Fish homozygous for the LipoGlo reporter are healthy, fertile, and do not display any 116 abnormal morphological or behavioral phenotypes. Additionally, larvae homozygous for the LipoGlo
117
reporter show a two-fold increase in LipoGlo signal relative to their heterozygous siblings
118
( Supplementary Fig. 2c ). Together, these data suggest that the LipoGlo reporter does not disrupt 119 normal production, secretion, and turnover of lipoprotein particles.
121 122

LipoGlo-Counting reveals changes in ABCL abundance
123
The LipoGlo-Counting method uses a 96-well plate based assay to detect NanoLuc activity 124 and quantify ABCL abundance. In order to validate the LipoGlo reporter and evaluate the degree of 125 similarity between zebrafish and mammalian lipoprotein homeostasis, the lipoprotein profile was 126 assayed across development, as well as in response to genetic, pharmacological, and dietary 127 manipulation (Fig. 1b) . Individual larvae carrying the LipoGlo reporter are homogenized in a 128 standard volume of ABCL stabilization buffer (100 L) using either a pellet pestle for low throughput (e) LipoGlo levels were measured over time throughout a fast, re-feed, and chase period. Larvae were fed a standard diet ad libitum from 5 to 10 dpf, and then were deprived of food for 48 hours (fast period). Larvae were then fed a high-fat (5% egg yolk) diet for 6 hours, transferred to fresh media, and assayed at various time points for the 72 hours following the onset of feeding (48-120 hours) (n=30, Welch's ANOVA p<0.0001, Games-Howell p<.0001). Results represent pooled data from three independent experiments, "n" denotes number of samples per data point.
expresses many genes involved in ABCL production including ApoBb.1 [24] . Accordingly, ABCL 142 levels are quite low early in development, but increase between 1 -3 dpf as more yolk lipid is 143 packaged into ABCLs (Fig. 2a) . As the larvae are not provided with food, ABCL levels drop later in 144 development as rates of lipoprotein metabolism and turnover exceed rates of production following 145 yolk depletion.
146
LipoGlo reporter fish were then crossed with fish harboring mutations in essential 
152
normally but show significantly reduced levels of particle breakdown and turnover compared to 153 sibling controls (Fig. 2c ).
154
To probe the effects of transient Mtp inhibition on larval lipoprotein homeostasis, larvae were 155 exposed to lomitapide. Lomitapide is a pharmaceutical inhibitor of Mtp used to treat familial 156 hypercholesterolemia in humans [33] . Larvae were treated with 10 M lomitapide or vehicle control
157
for 48 h (3-5 dpf), and treated larvae showed a more rapid decline in NanoLuc levels than vehicle-158 treated controls. This observation is consistent with lomitapide inhibiting ABCL production and
159
leading to an accelerated decline of ApoB-NanoLuc levels ( Fig. 2d ).
160
To test the effect of food intake on ABCL levels, larvae were subjected to a fasting and re -161 feeding experimental paradigm. Larvae were fed a standard diet (Gemma 75, Skretting USA) for 5 162 days (from 5-10 dpf) to adapt to food intake and reach a physiologically relevant baseline level of 163 ABCLs. Following the initial feeding period, larvae were fasted for 48 h (sampled every 12 h), re-fed 164 with a high-fat meal of 5% egg-yolk [34] , and sampled at various time points after the meal (the 165 chase period). ApoB-NanoLuc levels were stable for the first 12 h of the fast, but declined rapidly for 166 the duration of the fasting period (Fig. 2e, . Following the high fat meal (6 h of feeding from
167
time point 48 h to time point 54 h), there was an immediate increase in ApoB-NanoLuc levels (Fig. meal, but rather remained at an intermediate level for a prolonged period (the duration of the chase 170 period, 72 h).
172
Determination of lipoprotein size distribution using LipoGlo-Electrophoresis
173
There are numerous classes of ABCLs, many of which can be differentiated based on 174 particle size [35] . Native polyacrylamide gel electrophoresis (Native-PAGE) has previously been 175 used to separate ABCLs based on size, but requires a relatively large volume of plasma (25 L) 176 stained with lipophilic dyes [36] . The LipoGlo-Electrophoresis method subjects crude larval 177 homogenate (containing only nanoliters of plasma) to Native-PAGE to separate lipoproteins,
178
followed by in-gel detection of NanoLuc activity. To analyze the ABCL size distribution over 179 development and in response to genetic, pharmacological, and dietary manipulations, representative 180 frozen aliquots of larval homogenate from a given condition were thawed on ice. A portion of the 181 thawed homogenate (12 L) was mixed with 5x loading dye (3 L) and separated via Native-PAGE
182
(3% gel for 275 Volt-h). Following separation, the glass front plate was removed to expose the gel 183 surface, and 1 mL of TBE containing Nano-Glo substrate solution (2 L) was added to the plate and 184 spread evenly using a thin plastic film. The gel was then imaged using the Odyssey Fc 185 chemiluminescent detection system (LI-COR Biosciences). Together, this protocol is referred to as
186
LipoGlo electrophoresis.
187
Smaller lipoproteins are expected to migrate further into the gel, and larger lipoproteins to
188
show concomitantly less mobility (Fig. 3a) . Figure 3: Changes in lipoprotein size distribution revealed through LipoGlo-Electrophoresis. (a) Representative image of the fluorescent DiI-LDL migration standard and LipoGlo emission from WT, mtp -/-, and apoC2 -/-genotypes (4 dpf). ABCLs are divided into 4 classes based on their mobility, including ZM (zero mobility) and three classes of serum ABCLs (VLDL, IDL, LDL). Image is a composite of chemiluminescent (LipoGlo, blue) and fluorescent (DiI-LDL, orange) exposures. Gel is a representative image from one of the three independent experiments performed. (b) Vertical plot profile generated in ImageJ from gel image displayed in (a), note that the ZM peak has been appended to highlight differences in serum lipoprotein classes. (c-e) Representative gel images (one of three independent experiments shown) and (f-h) pooled LipoGlo-electrophoresis quantification data from larval lysates used in Figure 2 . Relative abundance of subclasses is color-coded as shown in (a). Upward-facing arrowheads (green) indicate significant enrichment of that species at that time point compared to controls, and downward-facing arrowheads (red) indicate depletion (f) Subclass abundance at each day of larval development in WT (n=9, Welch's ANOVA p<0.0001 for each subclass over time), mtp -/-(n=9, Two-way robust ANOVA p<0.001 for VLDL and LDL, Games-Howell p<.01 ), and apoC2 -/-(n=9, Two-way robust ANOVA p<0.01 for all classes, Games-Howell p<.005 ) genetic backgrounds. (g) Subclass abundance from 3-5 dpf in larvae treated with 10µM lomitapide or vehicle control (n=9, Two-way robust ANOVA p<0.001 for all classes except IDL, Games-Howell p<.01 ). (h) Subclass abundance from 10-15 dpf in larvae subjected to a fasting and re-feeding paradigm. The first bracket delineates changes relative to time 0 (the onset of the fasting period), and the second bracket delineates changes relative to time point 48 (the onset of the re-feeding period) (n=9, Welch's ANOVA p<0.0001 for each subclass over time, Games-Howell p<.01). Supplementary Figure 4 displays standard deviations for panels f-h. Results represent pooled data from three independent experiments, "n" denotes number of samples per data point.
corresponding to one ladder unit (L.U.). Although the Di-I stain significantly reduces electrophoretic 198 mobility of the human LDL and therefore does not align with NanoLuc-labeled LDL (data not shown),
199
this band provides a highly reproducible standard for registration and normalization across gels
200
( Supplementary Fig. 3 ).
201
In order to define physiologically relevant migration boundaries between ABCL classes,
202
ABCL profiles were compared for WT, mtp -/-, and apoC2 -/-mutant lines at 4 dpf (Fig. 3a,b 
208
be in the zero-mobility fraction (ZM) (Fig. 3a) .
209
Gel images were transformed into plot profiles in ImageJ for quantification (Fig. 3b) 
214
plotted as an 100% stacked area chart ( Fig. 3f-h ). Upward-facing green arrowheads or downward-
215
facing red arrowheads are used to indicate which species show significant enrichment or depletion
216
(respectively) relative to the control group ( Fig. 3f-h ). Additional plots were generated that present 217 these data grouped by ABCL class (rather than genotype) ( Supplementary Fig. 4 ).
218
Using LipoGlo-Electrophoresis over the course of zebrafish larval development revealed that 219 in the early embryonic stages (1-2 dpf), the wild-type ABCL profile is dominated by VLDL (Fig. 3c,f (Fig. 3d,g ) leading to the accumulation of lipolyzed species such as IDL and LDL.
229
Consistent with the mammalian literature, a robust post prandial response to a high lipid meal
230
(egg yolk emulsion) was observed in the distribution of ABCL subclasses of larval zebrafish ( Fig.   231 3e,h 
242
to separate pooled larval homogenate into density fractions. We then subjected fractions to (i)
243
LipoGlo electrophoresis to characterize their electrophoretic mobility, (ii) a plate read assay to
244
quantify ApoB-NanoLuc levels, and (iii) negative-staining electron microscopy to visualize particle 245 size directly [41] (Fig. 4) . Importantly, denser fractions showed higher electrophoretic mobility and
246
smaller particle sizes across all genotypes, demonstrating that electrophoretic mobility is a reliable 247 method for differentiating ABCL classes and can be used as a proxy to estimate particle size and 248 density.
250
LipoGlo-Microscopy reveals whole-organism ABCL localization
251
The transparency of larval zebrafish offers the unique opportunity to perform whole-mount Concordance between LipoGlo electrophoresis and classical ABCL size characterization techniques. DGUC was performed on pooled larval homogenate (4 dpf) from WT, mtp -/-, and apoC2 -/-, and separated into 10 equal fractions of approximately 500 µL each by drip-elution (dense bottom fractions eluted first). (a) Fractions 2-10 were subjected to Native-PAGE, and denser fractions showed higher electrophoretic mobility. Some fractions show a faint lower mobility band (indicated at right by white arrowhead), possibly indicative of lipoprotein dimerization. (b) A plate-based assays of NanoLuc activity revealed the expected enrichment of VLDL in apoC2 -/-mutants, and enrichment of LDL in mtp -/-mutants (confirming results reported in Fig. 3b) . (c) A refractometer (Bausch and Lomb) was used to determine the refractive index of each fraction and density was calculated via the formula D = 3.3508 x RI -3.4675. DGUC showed highly reproducible density profiles between replicates and genotypes. (d) The density of WT fractions 4 -9 was plotted as a function of peak electrophoretic mobility for that fraction, and the second order polynomial function (y = 0.0796x2 -0.1886x + 1.136) was able to represent this relationship with remarkable accuracy (R² = 0.97737) indicating that electrophoretic mobility is a useful proxy for lipoprotein density. (e) Fractions 4, 7, and 10 were subjected to negative-staining electron microscopy to directly visualize the size of particles in each fraction. In the wild type samples, the average particle diameter was 24.7±5.6, 29.0±4.1, and 34.9±4.7 nm for fractions 4, 7, and 10 respectively. There was no significant difference in particle size between fraction 4 of the wild-type and mtp -/-mutant samples (average diameter of 23.2 ± 6.6 nm). Particles were nearly undetectable in fractions 7 and 10 in the mtp -/-mutant sample so particle diameter shows enormous variability. ABCLs in each apocC2 -/-mutant fraction were significantly larger than all WT fractions, with diameters of 39.0±8.0, 40.9±7.2, and 39.1±5.9 nm respectively (n≈170, Welch's ANOVA p<0.0001, Games-Howell p<.0001). throughout an intact organism. The same developmental, genetic, dietary, and pharmacological 254 manipulations described above (Figs. 2-3) were performed, but rather than being homogenized, 255 larvae were fixed in 4% paraformaldehyde (PFA) for 3 h at room temperature, washed in PBS-256 tween, and mounted in low-melt agarose [42] supplemented with Nano-Glo substrate solution.
257
Mounted larvae were imaged in a dark room on a Zeiss Axiozoom V16 equipped with a Zeiss
258
AxioCam MRm set to collect a single brightfield exposure followed by multiple exposures with no 259 illumination (chemiluminescent imaging).
260
The differences between WT, mtp -/-, and apoC2 -/-mutants were most apparent at 6 dpf ( 
275
contains the yolk and YSL, and then gradually increases in the trunk and head regions ( Fig. 5d,g ).
276
This is consistent with the vectorial transport of lipid from the YSL to the circulatory system and 277 peripheral tissues. The distribution of ApoB between these three regions was not significantly 278 changed in apoC2 -/-mutants, whereas mtp -/-mutants showed enrichment in the viscera and , mtp -/-(n=15, Two-way robust ANOVA p<0.001 for all regions, Games-Howell p<0.001), and apoC2 -/-(n=15, Two-way robust ANOVA was not significant for any region) genetic backgrounds. (h) Signal localization from 3-5 dpf in larvae treated with 10µM lomitapide or vehicle control (n=15, Two-way robust ANOVA p<0.001 for head and viscera, Games-Howell p<.0001 ). (i) Subclass abundance from 10-15 dpf in larvae subjected to a fasting and re-feeding paradigm. The first bracket delineates changes relative to time 0 (the onset of the fasting period), and the second bracket delineates changes relative to time point 48 (the onset of the re-feeding period) (n=15, Welch's ANOVA p<0.0001 for each region, Games-Howell p<.005). Supplementary Figure 4 displays standard deviations for panels g-i. Results represent pooled data from three independent experiments, "n" denotes number of samples per data point. Body regions were defined as outlined in Supplementary Figure 5 . Scale bars = 500 µm.
to facilitate comparison of each class between genotypes ( Supplementary Fig. 4 ).
282
LipoGlo assays reveal Pla2g12b as an important regulator of ABCL homeostasis
283
In an effort to identify novel regulators of the ABCL profile using the LipoGlo system, we Representative images (n=15) of ABCL localization collected by LipoGlo chemiluminescent imaging throughout development (1 -6 dpf), and (e) quantification of percent localization into previously described subregions (n=15, Two-way robust ANOVA p<0.001 for all regions, Games-Howell p<0.0001). (c) Representative gel (n=4) showing production of abnormally small lipoproteins (white arrowhead) with a lane of the 4 dpf WT profile (reproduced from Fig. 3a ) provided for reference. (d) Quantification of LipoGlo emission pattern from LipoGlo electrophoresis in pla2g12b -/-larvae (1 -6 dpf). Upward-facing arrowheads (green) indicate significant enrichment of that species at that time point compared to WT, and downward-facing arrowheads (red) indicate depletion (n=9, Two-way robust ANOVA p<0.001 for all species, Games-Howell p<.01). Results represent pooled data from three independent experiments, "n" denotes number of samples per data point. Body regions were defined as outlined in Supplementary Figure 5 . Scale bars = 500 µm. 
321
Importantly, these assay shows excellent concordance with traditional methods, as evidenced by the 322 tight correlation between particle size estimates measured by LipoGlo electrophoresis and both density 323 gradient ultracentrifugation and negative-staining electron microscopy.
324
One limitation of the LipoGlo electrophoresis method reported here is that it is unable to 325 resolve ABCLs above a certain size threshold, which are clustered together as the zero -mobility 326 fraction. Further research will thus be required to conclusively determine which lipoprotein species 327 are present within this band. For example, this band is highly enriched in response to a high -fat 328 meal. This observation is consistent with enrichment of intracellular ApoB and the largest lipoprotein 329 classes (chylomicrons and remnants), both of which should increase in response to high-fat diet. It is 330 interesting to note, however, that when lipoproteins are processed through tandem density gradient 331 ultracentrifugation and LipoGlo-electrophoresis, there is significant signal in the ZM fraction even in 332 the higher density fractions. This indicates that the ZM band is not exclusively composed of very 333 large triglyceride-rich lipoproteins, but also includes additional denser species. We suspect this may determinant of cardiovascular disease risk.
337
The larval zebrafish is a powerful new system to study lipoprotein biology 
346
which will serve as a valuable resource for the zebrafish research community. LipoGlo was also used to 347 demonstrate numerous similarities in lipoprotein processing between larval zebrafish and humans.
348
The larval zebrafish is also an unparalleled vertebrate system for high-throughput screening.
349
The simple plate-based LipoGlo-counting method enables processing of tens of thousands samples a 350 day, and is thus readily conducive to high-throughput genetic and small-molecule screening. The
351
LipoGlo-electrophoresis and imaging protocols can also achieve respectable throughput capacity on 352 the order of hundreds of samples per day, and can thus be used as tractable secondary screening 353 assays or for stand-alone small-scale screens. 
622
Adult zebrafish were maintained on a 14 h light -10 h dark cycle and fed once daily with ~3.5% 623 body weight of Gemma Micro 500 (Skretting USA). All genotypes were bred into the wild-type AB 624 background. All assays were performed on larvae heterozygous for the ApoB-Nanoluc reporter unless 625 otherwise noted. To monitor the wild-type lipoprotein profile throughout larval development, pairwise 626 crosses were set up between wild-type AB adults and adults homozygous for the ApoB-NanoLuc crosses were set up between mtp stl/+ and mtp stl/+ ; apoBb. 
647
digestion as a result of TALEN nuclease activity, and found to be significantly higher in TALEN pair 2, 648 so this pair was used for genome integration efforts ( Supplementary Fig. 2b ). A donor plasmid was 649 cloned using 3-fragment MultiSite gateway assembly (Invitrogen, 12537-023) with a 5' entry element of 650 ~500 bp of the genomic sequence upstream of the ApoBb.1 stop codon, a middle-entry element
651
consisting of in-frame NanoLuc coding sequence, and a 3' element of ~700 bp of genomic sequence 652 downstream of the ApoBb.1 stop codon [61] . Injected embryos were raised to adulthood and progeny
653
were screened for NanoLuc activity and in-frame fusion of the NanoLuc reporter at the target locus
654
( Supplementary Fig. 2c ).
655
Preparation and storage of larval homogenate
657
Individual larvae are homogenized in a standard volume of ABCL stabilization buffer (100 L).
658
The ABCL stabilization buffer (see recipes) contains cOmplete Mini, EDTA-free Protease Inhibitor
659
Cocktail ( 
673
Quantification of ApoB-NanoLuc levels using a plate reader
674
To quantify ApoB-NanoLuc levels, homogenate (40 L) was mixed with an equal volume of 675 diluted NanoLuc buffer (for specific dilution see recipes and technical note on NanoLuc buffer) in a 96-
676
well opaque white OptiPlate (Perkin-Elmer, 6005290). Black plates can be used as an alternative that 677 will significantly lower absolute signal intensity, but also reduce light contamination into adjacent wells.
678
The plate was read within 2 minutes of buffer addition using a SpectraMax M5 plate reader
679
(Moleculardevices) set to top-read chemiluminescent detection with a 500 ms integration time. This 680 plate-based assay has a wide linear range and long half-life ( Supplementary Fig. 7a-c) . However,
681
degree of pigmentation has a significant effect on signal intensity, so this variable should be accounted (Supplementary Fig. 7d ).
685 686
Quantification of lipoprotein size distribution with LipoGlo-electrophoresis
687
To quantify the electrophoretic mobility of ABCLs, 3% native polyacrylamide gels were cast in
688
Bio-rad mini-protean casting rigs using 1 mm spacer plates and 10-well combs (see recipes). Gels were 689 allowed to polymerize overnight at 4 C and used within 24 h of casting. Each gel included a migration 690 standard comprised of Di-I labeled human LDL (L3482, ThermoFisher Scientific) that was diluted in 691 cryoprotectant and stored in frozen aliquots (see recipes). Gels were assembled into mini-protean 692 electrophoresis rigs at 4 C, filled with pre-chilled 1x TBE and pre-run at 50 V for 30 minutes to 
707
The provided gel quantification template (Supplemental File 1) can be used to bin the complex 708 lipoprotein size distribution into biologically relevant groups for analysis, and detailed instructions are 709 provided within the supplemental file. In short, each lane was converted to a plot profile in ImageJ, and intensity was summed within each bin for analysis. 
725
To image the ABCL localization, a Zeiss Axiozoom V16 microscope V16 equipped with a Zeiss
726
AxioCam MRm was set to 30x magnification, 2x2 binning and 2x gain (to increase sensitivity), and 727 programmed to collect a single brightfield exposure (2.4 ms, 10% light intensity) followed by two 728 chemiluminescent imaging exposures (10 and 30 seconds, respectively) with no illumination to collect 729 the NanoLuc signal (See technical note on NanoLuc imaging). Images were quantified in ImageJ by 730 using the brightfield exposure to draw regions of interest (viscera, trunk, and head) and calculating the 731 NanoLuc intensity within each of those ROIs for 30 second chemiluminescent exposure, unless 732 saturated pixels were detected in which case the 10 second exposure was used.
734
Density-gradient ultracentrifugation
735
A density gradient ultracentrifugation (DGUC) protocol was developed by adapting previously 736 published protocols using a 3-layer iodixanol gradient to function with smaller volumes of input sample 737 [40] . Individual larvae were sonicated in 100 L of sucrose-free ABCL buffer (see recipes) to avoid mL centrifuge tube and centrifuged for 5 minutes at 6,000 rcf to remove large cellular debris. 1 mL of 
744
A 4.9 mL Optiseal tube (formerly polyallomer, 362185, Beckman-Coulter) was then loaded with 1.5 mL 745 of 9% iodixanol/HBS solution. This solution was carefully underlayered with 1.5 mL of the 12% 746 iodixanol solution using a p1000 pipette fit with both the appropriate p1000 tip as well as a tapered gel 747 loading tip which functioned as a disposable plastic cannula (USA Scientific, 1252-0610). Finally, these 
756
and used to calculate solution density using the formula density = 3.3508 x (refractive index) -3.4675.
757
Fractions were stored on ice or at 10 C, and used within 24 h for a plate-based NanoLuc assay,
758
LipoGlo-electrophoresis, and negative-staining electron microscopy. Note that the high protein and 759 iodixanol content of fraction 1 (highest density) introduces artifacts in the native gel and was therefore 760 excluded, which allowed lane 1 to be dedicated to the Di-I LDL standard.
762
Negative-staining electron microscopy
763
Fractions 4, 7, and 10 from the DGUC experiments outlined above were subjected to negative-764 staining electron microscopy [41] . 300-mesh copper grids coated with 10 nm formvar and 1 nm carbon
765
(Electron Microscopy Sciences, FCF300-Cu) were ionized using the glow discharge filament in a to hold the grids in a humidified chamber, and 3 L of the sample was carefully placed on the surface of 768 the grid and incubated at room temperature for 10 minutes to allow the lipoproteins to adhere to the 769 grid. The grid was then rinsed in 5 droplets of RO-water and then finally 2 droplets of 2% uranyl 770 acetate, and touched lightly to a piece of filter paper to remove excess stain. Grids were imaged at 771 26,000x magnification on a Tecnai 12 transmission electron microscope.
773
DNA extraction and Genotyping
774
Sonication of zebrafish larvae is a convenient method for highly-parallelized homogenization, as 
785
Genotyping was carried out using gene-specific primers (Supplementary Table 1 
790
The mtp genotyping locus was amplified using primers 12 and 13 (.5 M each, Ta = 60 C, extension 791 time 30''), and digested with 3 units of AvaII restriction enzyme, which cuts the mutant (stlI) allele. 
836
Essentially all background signal in this imaging paradigm comes from two sources: electrical 837 noise from the camera, and light contamination from the environment. Camera noise can be attenuated 838 by using an actively cooled camera and by enabling a blank-subtraction setting to eliminate hot pixels.
839
To reduce contaminating light from the environment, we recommend collecting images in a dark room 840 and shrouding the stage and/or microscope to prevent light from reaching the imaging path. APOB has a penta-partite domain structure, with an amino-terminal globular domain followed by a series of beta and alpha domains. Consistent with other apolipoprotein sequences, APOB shows relatively low sequence conservation between species at the amino acid level (25% identical, 43% similar, green indicates >30% identity in identity plot). However, sequence conservation is enriched in known ApoB functional domains. For example, there is clear conservation of a signal peptide motif at the amino terminus. The MTPinteracting domain shows 39% identity and 63% similarity, and the LDL-R interacting motifs are also well-conserved. However, the ApoB-48 editing site appears completely absent, as zebrafish apoBb.1 lacks the essential C6666 that is edited to form the premature stop, as well as the APOBEC mooring site, and shows only mild AT-richness that has been shown to be important for APOBEC binding (b) To further evaluate whether apoB-editing takes place in zebrafish, RNA reads were mapped back to this genomic locus. Post-transcriptional CàU editing would appear as a CàT polymorphism in the genomic sequence. 23 instances of CàT polymorphism were observed, but the vast majority (21) appeared in the wobble position (position 3) of the codon as would be expected for true polymorphisms (rather than post-transcriptional RNA-editing). Of the single instance that occurred in position 1, this did not result in a premature stop codon, providing further support for the absence of APOB-editing activity i n zebrafish. Introduction of an in-frame NanoLuc fusion protein at the endogenous apoBb.1 locus. (a) A BsrI restriction site overlaps partially with the apoBb.1 stop codon. Two independent pairs of TALENs were designed as shown, and (b) tested for cutting efficiency which was quantified as a loss of susceptibility to BsrI digest. TALEN pair 2 showed significantly higher cutting efficiency, and was selected for co-injection with the DNA donor construct (n=24, ANOVA p<0.0001, Tukey's HSD p<.0001). (c) An incross of adult fish heterozygous for the LipoGlo reporter revealed the expected mendelian ratio of offspring, and showed that homozygous carriers produce approximately twice the signal intensity as heterozygotes (1.2E7±1.3E6 vs 6.5E6±7.3E5) (n≈16, ANOVA p<0.0001, Tukey's HSD p<.0001). Heterozygous and homozygous carriers of the LipoGlo reporter are viable, fertile, and free of overt morphological defects. Development of an effective migration standard for lipoprotein gels. It is essential that lipoprotein gels include a ladder or normalization standard that has similar electrophoretic properties to ABCLs. Di-I labeled human LDL serves as a commercially available option that enables standardization not only between multiple gels but also between different labs. (a) Di-I LDL was subjected to a series of 2-fold dilutions and separated via Native-PAGE as described and imaged with the Licor-Fc to determine an appropriate dilution factor that was still readily detectable. (b) Plot profiles of each of the serial dilutions revealed retardation of peak mobility in the highly concentrated samples, potentially due to overcrowding. Dilution factors between 16 and 32-fold were selected as acceptable (green box), and a 24-fold dilution was used for subsequent assays. (c) Sucrose was included as a cryoprotectant during Di-I LDL dilution, and there is no change in peak particle mobility across at least 3 freezethaw cycles in the presence of 10% sucrose, whereas the ladder is almost completely aggregated without cryoprotectant. (d) To determine the relationship between mobility of the standard and lipoprotein samples, homogenate was prepared and pooled from mtp -/-(3 dpf) mutant larvae (which produce primarily LDL-like particles). Samples of homogenate were run alongside Di-I standard for either 150, 212.5, 275, or 337.5 volt-hours, and the peak migration (in pixels) was quantified for each species. Cryoprotectant and protease-inhibition properties of ABCL stabilization buffer. (a) 4 dpf wild-type larvae were homogenized in ABCL stabilization buffer containing 0% or 10% final concentration of sucrose and subjected to between 0 and 3 freeze-thaw cycles, and then separated using LipoGlo-electrophoresis as described in the methods section. While the lipoprotein size distribution remained constant in samples containing sucrose as a cryoprotectant, samples without sucrose showed a gradual enrichment of ZM particles, which appears to be due to aggregation of VLDL and IDL particles. (b) Larvae were homogenized in ABCL stabilization buffer with and without the protease inhibitor components (cOmplete mini EDTA-free tablet supplemented with 40 mM final concentration of EGTA, see recipes) and incubated at various temperatures for 2 hours. Samples were then separated by LipoGlo-electrophoresis at 50 V for 30 minutes, and 125 V for 60 minutes. This is 125 Volt-hours less than described in the methods section to enable visualization of proteolysis products. At 3 dpf, protease activity is quite low such that no proteolyzed products are present in the group treated with protease inhibitor, whereas degradation products are visible in a temperature-dependent manner in the absence of inhibitors. By 5 dpf, protease activity is much higher in the homogenate sample, presumably due to development of a mature intestine. Protease activity is still well-controlled in the presence of protease inhibitor at low temperatures, but in the absence of protease inhibitor degradation is so severe that there are signs of both cleavage of NanoLuc from the lipoprotein particle as well as proteolysis of the reporter itself. 1 dpf 2 dpf 3 dpf 4 dpf 5 dpf 6 dpf
Supplementary Figure 7:
NanoLuc standard curves. (a) To determine the absolute concentration of ABCLs in the larval homogenate, purified NanoLuc protein was ordered directly from Promega (Nluc-HT Protein, 500ug, 54.2KDa, #CS188401) and diluted to 1 nM working concentration in 1x ABCL stabilization buffer. This solution was subjected to a 6-point series of 2-fold dilutions and used in a plate-based assay for NanoLuc activity, and (b) luminescent signal showed excellent linear correlation with protein concentration within this concentration range (R 2 =.97). (c) Plate reads were repeated in a kinetic experiment reading well values every 40 seconds for 20 minutes. Signal decayed only marginally in this time window, and half-lives were calculated to be greater than 60 minutes for all concentrations tested. (d) There is a marked increase in pigmentation throughout larval development, causing homogenate to become progressively more opaque. To test the effect of pigment on NanoLuc readings, wild-type larvae that lack the ApoB-NanoLuc reporter were homogenized in ABCL stabilization buffer at each day of larval development. This homogenate was then supplemented with a final concentration of 1 nM NanoLuc protein and subjected to a plate read assay. As expected, the relative intensity of NanoLuc signal declines from 1 -6 dpf, indicating that absolute quantitation of NanoLuc levels should include a standard curve that accounts for changes in larval pigmentation.
